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Abstract

An efficient electrochemical approach to the vitinadoazides has been
developed through constant current electrolysisalkénes with Napl and Nal in
methanol. The reaction is proposed to proceed eichc iodonium intermediate and
thereby gives Markovnikov addition products exchesy.
Key words: azidoiodination of alkenes; Electrosynthesis; Markkov addition;
cyclic iodonium intermediate
I ntroduction

Difunctionalization of alkenes constitutes one lo¢ tmost important chemical
transformations in organic chemistfy.Among them, azidoiodination of alkenes has
attracted considerable attention since the regultuicinal iodoazides contain
extraordinarily useful iodo and azido functionalogps, which can readily be
transformed into versatile intermediates such aylvazides, amines, aziridine and
tetrazoles”’ In addition, along with the development of “clickemistry”, various
organic azides are required as starting materiats producing 1,2,3-triazoles

possessing a wide spectrum of biological activiti€nsequently, the development
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of an efficient and regioselective protocol to prod vicinal iodoazides is a worthy
objective.

Vicinal iodoazides are generally synthesized bytieas of alkenes with IH**
Because of the explosive character; I8l conventionally generated in situ by using
different combinations of azido and iodide sourgeshe presence of an oxidant.
Notably, depending on the reaction conditions dnedreagent combinations used, the
in situ generated INmay undergo homolytic or heterolytic cleavage,cihtan lead
to anti-Markovnikov addition (radical pathway) oralkkovnikov addition (via a cyclic
iodonium ion mechanism) products in reactions \@gimmetric alkenes, respectively.
For example, using CAN as an oxidant, reaction \N#iN; andNal gave exclusively
anti-Markovnikov addition product. Such are also the cases using combinations of
NaNg/Nal/oxone and NaMKI/NalO; (Scheme 13** In contrast, Markovnikov
addition reaction occurs when employing combinatiohNaN/l,, TMSNs/IPy,BF,,
TMSN3/EtuNI/PhI(OAc), and polymer-bound IN (Scheme 1°*® While much
progress has been made, these methods suffer fgaincdrawbacks such as usage
of “expensive” reagents and a large excess of oxidaonsequently, a mild and

practical method that involves less toxic reageats&l minimizes waste is of

importance.
(a) NaNg/l,
(a) NaNg/Nal/CAN (b) TMSNy/IPy,BF,
| F Onamna R (G e el
RL 3 4 . - 3
RZ N R2 R? I
anti-Markovniv addition Markovnikov addition

Scheme 1. Azidoiodination of alkenes under diffeamnditions

Toward this end, we describe herein our effortsapply electrochemistry to
achieve oxidative azidoiodination of alkenes. Te Hest of our knowledge, there is
only one report of the electrochemical introductafnthe azido unit onto an alkene
double bond. Thus, the anodic oxidation of enokethand enamide in methanol
containing 0.17 M of BENOTs as supporting electrolyte in the presence ali\

brought about azidomethoxylation and gave the epoerding acetal and
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N,O-acetal’? Notably, in this electrochemical azidomethoxylatithe addition of an
azido group was observed to take place regioseddgtat thep-position of the enol
ether or enamidea a radical mechanism (Scheme 2).

As a continuation of our ongoing program involvingalide-mediated
electrochemical synthesis, we hypothesized that efleetrochemical oxidation of
iodide ion ought to form molecular iodine, which yna situ undergo reaction with
NaN; to afford INs. Thereafter an azidoiodination reaction with akeak ought to
provide the corresponding iodoazides.

Herein, we report an efficient electrochemical metHor the regioselective
synthesis of vicinal iodoazides. In the protocbl; Is generated electrochemically in
situ, avoiding the utilization of external oxidamiscorrosive molecular iodine and is
therefore environmentally benign. In addition, quitdifferent from the
electrochemical azidomethoxylation referred to ajyosur protocol proceeds via a
cyclic iodonium mechanism to afford Markovnikov &duh products exclusively

(Scheme 2).

Previous work: direct electrochemical azidonation

Rl NaNjz, Et;,NOTs/ MeO
MeOH, CCE RL
R2X via an radical pathway ~ R®X N
X =0, NH
This work: Indirect electrochemical azidoiodination
R! R1N3
NaNs/Nal/MeOH, CCE
2
R2X via an cyclic iodonium REX '
intermediate X = CH,, O, NH

Scheme 2. Electrochemical azidoiodination of alkene

Results and Discussion

N3 ' OMe
m azido and iodide sources +
+
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Scheme 3. Conditional optimization of azidoiodioatof p-methylstyrenela

We commenced our studies by usimgnethylstyrene 1a) as model substrate
and a combination of NajNal as the IN precursor (Scheme 3 and Table 1).
Constant current electrolyses were performed amAf&cn? in an H-type cell using
two graphite plates as the working electrode anldocke. Given the fact that the ratio
of the INs precursor to the alkene and the nature of sohiaefiience the
azidoiodination reaction of alkenes, the ratio pfene and NapiNal was initially
investigated. When 1 mmol dh, 1.2 equiv of Nahand 1.2 equiv of Nal was used,
the Markovnikov addition-type addu2a was obtained exclusively, albeit in but a 34%
yield (Table 1, entry 1). Based on the extensivekwaf Hassner and coworkets?
the formation of this Markovnikov addition-type aokdi indicates that the
electrochemical azidoiodination of alkenes may ings the heterolytic cleavage of
IN5 to iodonium () and azido anion (N. Increasing of the ratio resulted in a
dramatic improvement of yield to 63% and 73% whie® &zido and iodide source
increased to 1.5 equiv and 2 equiv of styrene @dblentries 2 and 3). A further
increase to 3 equiv of NaNNal did not improve the yield (Table 1, entry 4).
Therefore, 2 equiv of Naj\Nal to one equiv of styrene was the ratio of choic

Solvent screening demonstrated that MeOH playedruziat role for the
Markovnikov addition-type azidoiodination reactioifhe presence of water in
methanol turned out to give a slightly lower yi€eb% vs 73%; Table 1, entry 5).
When MeCN was used as a solvent, an anti-Markownikegioisomer3a was also
isolated in 18% vyield, along with the desired addac(22% yield) (Table 1, entry 6).
We assume that the formation of anti-Markovnikodaazides involves a radical
pathway and that the electrochemically generatedinNCH;CN may undergo both
homolytic and heterolytic cleavage. In the caseCéCH,OH, due to the low
solubility of NaN;, most of the starting styrene was recovered (Tapéantry 7).

Next, the combination of Naj\Nand different iodide sources were evaluated for

the azidoiodination reaction. It was observed #lladf the iodide salts tested proceed
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smoothly, albeit in a slightly lower yields thamathwith Nal (Table 1, entries 3 and
8-11). For example, when Kl was used, add2ectwas obtained in 50% vyield; it
changed to 66%, 55% and 61% when the iodide sousneee NHI, Et;NI and
n-BusNlI, respectively. Interestingly, when TMgNnstead of NaB was used as the
azido source, 1-(2-iodo-1-methoxyethyl)-4-methylbmme, 4a, was isolated
exclusively in 35% vyield (entry 12). The formatiai 4a may result from the
nucleophilic attack of methoxide (generated frorthodic reduction of methanol) to
the cyclic iodonium. Finally, it was observed tham temperature was preferable for
the azidoiodination reaction since the yield@@flecreased to 55% when the reaction
was performed at @ and to 27% when carried out at€D(entries 13-14).

Based on the results described above, we concluakethe optimal reaction
conditions call for using Nal and NgMNas the IN precursor and a 2:1 ratio of
NaNs/Nal to alkene. The reaction is best performed divaded cell using methanol

as the solvent.

Table 1. Optimization of the model reaction.

Entry Substrateto Solvent I-source  Temperature  Yield of
reagent ratio (°C) 2a (%) °
(1a: 1" N3)
1 1:1.2:1.2 MeOH Nal 25 34
2 1:1.5:1.5 MeOH Nal 25 63
3 1:2:2 MeOH Nal 25 73
4 1:3:3 MeOH Nal 25 70
S 1:2:2 MeOH + Nal 25 65
H,O (v: v=
5:1)
6 1:2:2 MeCN Nal 25 22°

7 1:2:2 CRCHOH Nal 25 0




8 1:2:2 MeOH Kl 25 50

9 1:2:2 MeOH NH,4l 25 66
10 1:2:2 MeOH Et;NI 25 55
1 1:2:2 MeOH n-BuyNI 25 61
12 1:2:2 MeOH Nal 25 .d
13 1:2:2 MeOH Nal 0 55
14 1:2:2 MeOH Nal 60 27

@ Reaction conditionsta (1.0 mmol), NaN and Nal in 12 mL of solvent, divided cell,
current density of 15 mA/chgraphite plate anode and cathode, LiC{@1 M) was
added as a conducting salt.

P1H NMR yield, using trimethoxybenzene as the intestandard.

¢ Along with 18% yield of3a

9Me;SiNswas used as the azido source daavas isolated in 35% yield.

With the optimized reaction conditions in hand, thhen examined the scope and
limitations of the azidoiodination reaction usimgs$e conditions. As shown in Table 2,
azidoiodination of styrene derivativedb-h proceeded smoothly and the
corresponding adducgb-h were obtained. It was observed that substratetsicomy
electron rich substituents lead to significanthgher yields than those bearing
electron withdrawing groups. For example, wipemethoxystyrene was subjected to
the reaction conditions, addu2c was obtained in 55%. However, the electron
deficient fluoro-substituted styrerde gave very low yield o2d (20%) under exactly
conditions. In addition,para-substituted adducts afford a higher yield than its
ortho-substituted counterpart (ndke and2g with yields of 40% vs. 10%). In the case
of 2-phenylpropendh, adduct2h was obtained in 44% yield. For the unactivated
terminal alkendi, the desire@i was isolated in a 47% yield.

Internal alkenes were also investigated. Cyclohexgave a 30% yield of

trans-addition product 2. When cis-phenyl-1-propenelk was subjected to



electrochemical azidoiodination with NgNal under the standard conditions, a
mixture of regioisomers, the Markovnikov prod@&t and anti-Markovnikov product
3k, were obtained in a 40% combined yield. Strangehentrans-phenyl-1-propene
1l was used as a substrate, the ad@uatas not detected, whereas the starfihg
disappeared. In the case aisstilbene, a 1:1.2 diastereomeric mixture of
1-azido-2-iodo-1,2-diphenylethan2m was isolated in a combined 50% yield. The
same diastereomeric ratio resulted whrams-stilbene was exposed to electrolysis in
the presence of NaNand Nal and 55% yield of diastereom2n3 was obtained. The
literature reports thattranss and cis-stilbene afford erythro- and threo-2m,
respectively, under conventional chemical cond#iéh Thatanti-selectivity was not
observed under our conditions usingns- andcis-stilbene, suggests that the expected
intermediate cyclic iodonium is not stable and thay opening occurs to give an
intermediate carbon cation, thereby leading toigagyn-addition. When alkenes
containing a heteroatom appended directly to tlkersl group were subjected to
electrolysis under the standard conditions (usingthamol alone as solvent), the
reaction also occurred, but with lower yield. Faample, when tetrahydropyréio
and 1-vinylpyrrolidin-2-onelp were used, adduco and?2p were isolated in 17%

and 25% vyields, respectively.

Table 2. Scope of alkene using methanol as sofvent

R1 LiClO, (0.1 M) / MeOH N
Y\R3 + NaNs + Nal a( ) R3 Rs
R, 1

divided cell, rt R,

1 2



Entry Alkenes 1 Products 2 Yield (%)°

= — N
la: R' = p-Me 3 2aR'=p-Me 65
; Y/ 1 N /) .l =
2 RIS N\ 1b:R'=H R1°C 2b:R! = H 55
3 1c: R = p-OMe | 2¢: R’ = p-OMe 55
4 1d: Rt =p-F 2d: Rl:p-F 20
5 le: R = p-Cl 2e: R1 = p-Cl 40
6 1f: RY = p-Br 2f: Rt = p-Br 40
7 1g: R = o-Cl \ 2g: Rt = o-Cl 10
3
2h 44
8 1lh
|
N3 47
|
Ns 30
10 O 1 0| 2i
Nj |
1
1 2 3kNs
S | - 2l trace
12 ©/\/ 1 |
N N3
| I 2m
— \N3 N3
14 PH ph In Ph/B/Ph Ph/S/Ph 55, dr: 1:1.2
| | om
I
o @ to (I 20 17
o 0" "Nz
16 &o 1p &o 2p
N N 25
I% )\/l

& Reaction conditions: alkerfe(1.0 mmol), NaN (2.0 mmol) and Nal (2.0 mmoi
12 mL of methanol, divided cell, current densityl®& mA/cnf, graphite plate anode
and cathode, LiCI®(0.1 M) was added as a conducting salt.

P|solated yield after column chromatograph

Due to the lower yields for some of the substrésesh asld and 1g), further
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optimization was carried out. We found that an iowed yield of2 was obtained
when a mixture of methanol and watew(= 5:1) was employed as the solvent under
otherwise identical electrolytic conditions. Foraexple,2d, 2e and 2g were isolated

in 47%, 70% and 40% yields, respectively, much d&igthan that obtained when
using methanol alone as the solvent. Interestinghyger the modified conditions,
(2-1-propenylbenzengk only gave the Markovnikowrans-addition producek in a
yield of 20%, andll afforded the desired addugk in a yield of 32% (Table 3).
Although the exact reason for the regioselectiaetion of1k in MeOH/HO is not
clear at the presence, we assume that the potdribe solvent may play an important
role, higher polarity of a mixed solution benefiesterolytic cleavage of INand leads

to Markovnikov addition produck. This observation can be demonstrated by the
azidoiodination reactions dfa in CH;CN and MeOH. In the former, bota and3a
were isolated simultaneously, whereas dtdywas produced in MeOH (see entries 3
and 6 in Table 1). Under the modified conditiomsproved yields o2o and2p were
also obtained. It is worth mentioning that our tesdiffer from those reported by
Nishiguchi et af? Thus, the direct electrochemical oxidation I and 1p in
methanol using BENOTs as a conducting salt afforded
3-azido-2-ethoxy-tetrahydro-2H-pyran 3)( and
1-(2-azido-1-methoxyethyl)pyrrolidin-2-one5)( wherein the azido group was

introduced into th@-position (Scheme 4).

Table 3. Scope of alkene using agueous methanol as sdlvent



LiClO,4 (0.1 M) '

R1 MeOH / H,O N
7 Rs 4 Nan, + NHy 2 ° Rs
R

divided cell, r.t. Ri R,
1 2
N
s | N3 N3
/©/\/ /©/\/I (;(\/I
F cl Cl
2d (47%
(47%%) 26 (70%) 29 (40%)
N |
N3 ;3 N3
- I j)
7 (X« N
| [ O N; Q_/\:O
2k (20%) 2l (32%) 20 (35%) 2p (65%)

& Reaction conditions: alkerig(1.0 mmol), NaN (1.5 mmol) and Ni (1.5 mmol)in
12 mL of mixed solvent of methanol and waterv(= 5:1), divided cell, current
density of 15 mA/crh graphite plate anode and cathode, LiC{@1 M) was added

as a conducting salt.

I
Et;,NOTs/MeOH

0 >N, LiCIO4/MeOH-H,0 o s 0~ “OMe

CCE
20 10 3

(N—\/Qo NaN,, Nal &O NaN5 K_\/QO

N
)\/l LICIO//MeOH-H,0 '\ Et,;NOTs/MeOH Ns
. ccE Meo)\/
5

N3 CCE
2p 1p

Scheme 4. Regioselectivity

To gain insight into the mechanism of the electemoltal azidoiodination of
alkenes, we performed cyclic voltammetry experiraentolving the alkenes and the
IN3 precursors. It was found that the oxidation peatlemtials of Nal and NaiNwere
0.45 V and 0.85 V (vs Ag/AgNOin 3 M KCI), which indicates that Nal is
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electrochemically much easier to oxidize than plaRhat no oxidation peak was
observed for styrenga up to the oxidation potential of the solvent metbleclearly
demonstrates that styrene ought not to be oxidineigr the standard conditions.

In addition, for the conventional chemical azidoradion of alkenes, it has been
demonstrated that radical pathway gives anti-Mamkaw addition products, while
Markovnikov addition proceeds via a cyclic iodoniuntermediate. Based on our
cyclic voltammetry measurements and literature nspave propose a mechanism
shown in Scheme 5 for the electrochemical synthe$iwicinal iodoazides. As
illustrated, the reaction begins with the anodiddakon of iodide to generate
molecular iodine, which reacts with azido ion tamguce IN. When using polar
solvents such as methanol and water, the in sitergéed IN reacts predominantly as
a source of1to form cyclic iodonium intermediat® whose capture by azide at the

more substituted carbon affords the Markovniko\etggdition produc.

2 Ne
© 2 3 ® ©
2l I 2INy —— +
e 3 | N3
@
I @i NG Ns
prm— /—\ 3
Ar (% —\
Ar Ar |
1 6 2

Scheme 5. Plausible mechanism for the regioseteatiidoiodination of alkenes

Conclusion

In summary, a new and efficient electrochemical hodtfor the synthesis of
vicinal iodoazides has been developed. The proeedizes a constant current
electrolysis of Nahand Nal in the presence of alkenes in an H-typleeceploying
methanol as the solvent. A wide range of substiateged to be compatible with the
protocol, delivering the products in a Markovnikiashion. The results suggest that

the reaction proceeds via a cyclic iodonium intetiaie. Further application of these
11



ideas and results to other types of reactionsdeway in our laboratory.

4. Experimental
4.1 Instruments and reagents

NMR spectra were recorded using a 400 MHz speatem(400 MHz'H
frequency, 100 MHzC frequency). Chemical shifts are given &svalues
(internal standard: TMS). Coupling constants aporged in Hz. Starting materials
and solvents were obtained from commercial sousne$ used without further
purification. Products were purified by chromatqgrg on silica gel (petroleum
ether/EtOAC).

4.2 Typical procedurefor the electrochemical synthesisof 2

An H-type cell with a G4-fritted glass as a diagmawas equipped with a
carbon anode (2.0 x 1 &rand a carbon cathode (2.0 x 1%pand connected to a DC
regulated power supply. To the anodic compartmesas awdded alkene (1 mmol),
NaN; (2 mmol), iodide salt (2 mmol) and 12 mL of metbldissolved in 0.1 M
LiClOg4, whereas the cathodic compartment was added @igl10.1 M LiCIO,. The
mixture was electrolyzed using constant currentdi@mns (~15 mA/crf) at room
temperature under magnetic stirring. When TLC aalyindicated that the
electrolysis was complete (withessed by the disagmee of the amide), the solvent
was removed under reduced pressure. The residueposa®d into a saturated
agueous solution of N&O3; and the product was then extracted with DCM (3x20
mL), dried over MgS@ and concentrateth vacuo. The residue was purified by
column chromatography on silica gel using a mixtfrpetroleum ether/EtOAc (v : v

=150 : 1) as eluent to afford the desired purepch

1-(1-Azido-2-iodoethyl)-4-methylbenzene (2a) *°

Yield: 186 mg, 65%; yellow oil*H NMR (400 MHz, CDCJ): § 2.39 (s, 3H), 3.40 (d,
J = 7.2 Hz, 2H), 4.71 () = 6.8 Hz, 1H), 7.21-7.26 (m, 4H)*C NMR (100 MHz,
CDCl;): 6 8.4, 21.3, 67.0, 126.6, 129.8, 134.9, 139.1.
1-(1-Azido-2-iodoethyl)benzene (2b) *°
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Yield: 150 mg, 55%; colorless oflH NMR (400 MHz, CDCY): ¢ 3.42 (d,J = 6.8 Hz,
2H), 4.75 (tJ = 7.2 Hz, 1H), 7.34-7.46 (m, 5HJC NMR (100 MHz, CDG)): ¢ 8.4,
67.2,126.8,129.1, 129.1, 138.0.

1-(1-Azido-2-iodoethyl)-4-methoxybenzene (2c) %

Yield: 167 mg, 55%; colorless offtH NMR (400 MHz, CDCY): d 3.38-3.40 (m, 2H),

3.84 (s, 3H), 4.70 (J = 6.8 Hz, 1H), 6.95 (dJ = 8.8 Hz, 2H), 7.27 (d] = 8.8 Hz,

2H); **C NMR (100 MHz, CDGJ): 6 8.5, 55.4, 66.7, 114.4, 128.0, 129.9, 160.03.

1-(1-Azido-2-iodoethyl)-4-fluor obenzene (2d)

Yield: 137 mg, 47%; colorless offtH NMR (400 MHz, CDCY): J 3.38-3.40 (m, 2H),

4.73 (t,J = 7.2 Hz, 1H), 7.10-7.15 (m, 2H), 7.31-7.35 (m,)2HEC NMR (100 MHz,

CDCl): 6 8.1, 66.3, 116.0, 116.2, 128.5, 128.6; IR (KBr) {3m 2106, 1698, 1588,

1487, 1072, 1010,; HRMS (ESHyz calcd for GH-FI (M-N3)*: 248.9576, found:

248.9574.

1-(1-Azido-2-iodoethyl)-4-chlorobenzene (2¢) %

Yield: 222 mg, 70%; yellow oil; 'H NMR (400 MHz, CDCls): 6 3.38 (d, J = 6.4 Hz, 2H),

4.72 (t,J=6.8 Hz, 1H), 7.28 (d, / = 8.4 Hz, 2H), 7.40 (d, / = 8.4 Hz, 2H) ; 13C NMR (200

MHz, CDCk): 6 8.0, 66.3, 128.1, 129.3, 134.9, 136.4.

1-(1-Azido-2-iodoethyl)-4-bromobenzene (2f)

Yield: 137 mg, 39%; colorless ofiH NMR (400 MHz, CDCJ): 6 3.38 (d,J = 7.2 Hz,

2H), 4.71 (tJ = 6.8 Hz, 1H), 7.22 (d) = 8.4 Hz, 2H), 7.56 (d] = 8.4 Hz, 2H);**C

NMR (100 MHz, CDCJ): 6 7.9, 66.3, 123.1, 128.4, 132.3, 136.9; IR (KBr) @m

2106, 1603, 1510, 1230; HRMS (ESijvz calcd for GH;Brl (M-N2)*: 308.8776,

found: 308.8769.

1-(1-Azido-2-iodoethyl)-2-chlorobenzene (29)

Yield: 123 mg, 40%; colorless oitH NMR (400 MHz, CDCJ): ¢ 3.33 (dd,J = 10.4
Hz,J = 8.8 Hz, 1H), 3.52 (dd} = 10.4 HzJ = 4.4 Hz, 1H), 5.24 (ddl= 8.4 Hz,J =
4.0 Hz, 1H), 7.32-7.51 (m, 4H}*C NMR (100 MHz, CDGJ): § 7.2, 63.3, 127.6,
127.6, 130.0, 130.1, 132.7, 135.9; IR (KBr) {Bmv 2109, 1473, 1443; HRMS (ESI)
m/z calcd for GHgCIIN (M-No+H)": 279.9389, found: 279.9379.

13



(2-Azido-1-iodopropan-2-yl)-benzene (2h)

Yield: 127 mg, 44%; colorless oitH NMR (400 MHz, CDGJ): J 1.91 (s, 3H), 3.49
(d, J = 10.8 Hz, 1H), 3.53 (d] = 10.4 Hz, 1H), 7.35-7.47 (m, 5H)C R (100 MHz,
CDCl): 0 17.7, 25.2, 65.1, 125.7, 128.3, 128.8, 140.8; IBrQKcm'l): v 2980, 2105,
1494, 1446; HRMS (ESIWz calcd for GHiol (M-N3)*: 244.9827, found: 244.9826.

(3-Azido-4-iodobutyl)-benzene (2i)

Yield: 142 mg, 47%; colorless offtH NMR (400 MHz, CDCY): ¢ 1.86-2.10 (m, 2H),
2.69-2.87 (m, 2H), 3.31 (d, = 6.0 Hz, 2H), 3.40-3.44 (m, 1H), 7.23-7.37 (m,)5H
¥c NMR (100 MHz, CDG): ¢ 8.3, 32.0, 36.2, 61.8, 126.4, 128.4, 128.7, 14R4,
(KBr) (cmY): v 3026, 2924, 2857, 2106, 1602, 1496, 1453; HRMS)(E®&: calcd
for CioH13IN (M+H-N2)*: 274.0093, found: 274.0084.

1-Azido-2-iodocyclohexane (2j) *°

Yield: 77 mg, 30%; colorless oitH NMR (400 MHz, CDGJ): § 1.32-1.60 (m, 4H),
1.87-2.48 (m, 4H), 3.50-3.55 (m, 1H), 3.94-4.00 (bH); **C NMR (100 MHz,
CDCl): 6 .23.9, 27.1, 32.0, 33.4, 38.5, 67.2.

Cis-(1-Azido-2-iodopropyl)-benzene (2k)

Yield: 57 mg, 20%; colorless oitH NMR (400 MHz, CDGJ): § 1.78 (d,J = 7.2 Hz,
3H), 4.42 (quintJ = 6.8 Hz, 1H), 4.52 (d) = 8.0 Hz, 1H), 7.32-7.45 (m, 5H}°C
NMR (100 MHz, CD.J): ¢ 25.7, 30.2, 73.6, 127.3, 128.9, 129.0, 136.9; IBrK
(cm): v2102, 1493, 1453, 763, 700; HRMS (ESt)z calcd for GHidl (M-N3)*:
244.9827, found: 244.9825.

Trans-(1-Azido-2-iodopropyl)-benzene (21) %
Yield: 93 mg, 32%; colorless oitH NMR (400 MHz, CDCJ): 6 1.90 (d,J = 6.8 Hz,
3H), 4.37 (quintJ = 6.4 Hz, 1H), 4.80 (dJ = 6.0 Hz, 1H), 7.35-7.45 (m, 5H)C

NMR (100 MHz, CDC4): 6 23.5, 29.0, 72.7, 127.4, 128.9, 128.9, 137.4.
14



(1-Azido-2-iodoethane-1,2-diyl)-dibenzene (2m,2n) d.r. =1:1.2 *°

Yield: 197 mg, 65%; colorless oftH NMR (400 MHz, CDCJ): § 4.98 (d,J = 9.6 Hz,
1H), 5.15 (d,J = 9.2 Hz, 1H), 5.22 (dJ = 9.6 Hz, 1H), 5.26 (dJ = 9.2 Hz, 1H),
7.15-7.50 (m, 20H)}3C NMR (100 MHz, CDGJ): 6 34.4, 36. 8, 71.9. 72.8, 127.3,
127.7, 128.3, 128.5, 128.6, 128.7, 128.8, 129.6,313.37.7, 140.1, 140.2; IR (KBr)
(cm™): v 3031, 2103, 756.9, 698.

2-Azido-3-iodo-tetrahydro-2H-pyran (20) *°

Yield: 87 mg, 35%; colorless oitH NMR (400 MHz, CDCJ): 6 1.67-1.73 (m, 2H),
2.04-2.13 (m, 1H), 2.38-2.45 (m, 1H), 3.67-3.73 (iH), 3.92-3.97 (m, 1H),
4.11-4.16 (m, 1H), 4.96 (d = 7.2 Hz, 1H):**C NMR (100 MHz, CDGJ): ¢ 26.4,
27.4,34.0,66.2,92.4.

1-(1-Azido-2-iodoethyl)pyrrolidin-2-one (2p)

Yield: 180 mg, 65%:; yellow oil*H NMR (400 MHz, CDGJ): § 2.07-2.14 (m, 2H),
2.46 (t,J = 8.0 Hz, 2H), 3.17 (t) = 8.8 Hz, 1H), 3.31-3.45 (m, 3H), 5.82-5.86 (m,
1H); ¥*C NMR (100 MHz, CDG)): § 2.0, 18.1, 30.7, 41.3, 68.2, 175.8; IR (KBr)
(cm™): v 2958, 2108, 1697, 1413; HRMS (ESi)z calcd for GHgINO (M-N3)*
237.9729, found: 237.9729.

1-(1-Azido-2-iodoethyl)-4-methylbenzene (2a) and 1-(2- Azido-1-iodoethyl)-4-
methylbenzene (3a) *

Yield: 114.8 mg, 40%:; yellow oitH NMR (400 MHz, CDCJ): 6 2.53 (s, 3H), 2.39 (s,
7H), 3.40 (dJ = 6.8 Hz, 4.2H), 3.95 (d] = 8.0 Hz, 2H), 4.71 () = 6.8 Hz, 2.1H),
5.172 (tJ = 7.6 Hz, 1H), 7.17 (d] = 8 Hz, 2H), 7.24 (m, 9H), 7.34 (d= 8 Hz, 2H).

1-(2-1 odo-1-methoxyethyl)-4-methylbenzene (4a) %3

Yield: 96 mg, 35%:'H NMR (400 MHz, CDCY): 5 2.40 (s, 3H), 3.33 (s, 3H),
3.32-3.38 (m, 2H), 4.30-4.33 (m, 1H), 7.21-7.25 @h): °C NMR (100 MHz,
CDCl): 0 10.9, 21.4, 57.3, 83.4, 126.5, 129.5, 136.8, 138.3
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(1-azido-2-iodopropyl)-benzene (2k) and (2-azido-1-iodopropyl)-benzene (3k) %2
Yield: 114 mg, 40%, yellow oil*H NMR (400 MHz, CDC})): § 1.26 (d,J = 6.4 Hz,
4H), 1.54 (dJ = 6.4 Hz, 3H), 1.78 (d] = 6.8 Hz, 6H), 3.81-3.88 (m, 1H), 3.94-4.01
(m ,1H), 4.24-4.31 (m, 2H), 4.52 (@= 8.4 Hz, 2H), 4.96 (d] = 8 Hz, 1H), 5.01 (dJ
=8 Hz, 1H), 7.29-7.36 (m, 11H), 7.38-7.43 (m, 12H)
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